Background and aims: Our first objective was to evaluate the immune response to the adjuvanted 2009 A/H1N1 pandemic (pH1N1) vaccine in inflammatory bowel disease (IBD) patients treated with anti-TNF-α alone or combined with immunosuppressants (IS). Second and third aims were the safety of pH1N1 vaccine and the effects on IBD clinical activity. Methods: 36 patients with Crohn's disease (CD) and 26 with ulcerative colitis (UC) and thirty-one healthy control (HC) subjects were enrolled. 47 patients were on anti TNF-α maintenance monotherapy and 15 on anti TNF-α combined with IS. Sera were collected at baseline (T0) and 4 weeks after the vaccination (T1) for antibody determination by hemagglutination inhibition (HAI). Disease activity was monitored at T0 and T1. Results: Seroprotective titers (≥ 1:40) in patients were comparable to HC. Seroconvertion rate (≥ 4 fold increase in HAI titer) was lower than HC in IBD patients (p = 0.009), either on anti TNF-α monotherapy (p = 0.034) or combined with IS (p = 0.011). Geometric mean titer (GMT) of antibodies at T1 was significantly lower in patients on combined therapy versus those on monotherapy (p = 0.0017) and versus HC (p = 0.011). The factor increase of GMT at T1 versus T0 was significantly lower in IBD patients versus HC (p = 0.042), and in those on combined A v a i l a b l e o n l i n e a t w w w . s c i e n c e d i r e c t . c o m
Introduction
Patients with Crohn's disease (CD) and ulcerative colitis (UC) have subtle alterations in immunity. Genetic mutations associated with changes in innate immunity (including NOD2 and IL23R) have been found in inflammatory bowel disease (IBD) patients. [1] [2] [3] [4] IBD patients are often placed on long term anti-inflammatory and immunosuppressive therapies, including aminosalicylates, corticosteroids, 6-mercaptopurine, azathioprine, methotrexate, and tumor necrosis factor (TNF)-α inhibitors. Although a majority of IBD patients do not develop serious infections, reports of life-threatening infections (e.g. varicella, tubercolosis) have been published, primarily in patients receiving immunosuppressive therapy. [5] [6] [7] [8] In April 2009, the US Centers for Disease Control and Prevention (CDC) identified the first two cases of a novel swine origin (H1N1) virus. The lack of immunity to this virus and ease of its human-human transmission resulted in widespread outbreaks in different countries, prompting the World Health Organization to declare an ongoing world pandemic of novel influenza H1N1 on June 11, 2009 . 9 The clinical manifestations of 2009 H1N1 influenza were similar to seasonal influenza. 10 The risk factors for severe infection due to H1N1 influenza were also similar to seasonal influenza and include different chronic underlying medical conditions such as heart, lung, renal and liver disease, cancer, immunosuppression, as well as pregnancy. 11, 12 The most effective way to prevent influenza and its complications is vaccination. Vaccination against influenza with inactivated vaccines is recommended for inflammatory bowel disease (IBD) patients according to published guidelines both in the US 13 and Europe. 14 In 2009 the outbreak of pandemic swine influenza of a new H1N1 strain lead to a strong recommendation for vaccination of at risk categories which comprise chronic inflammatory diseases and immunosuppressed patients. 15 However, vaccine studies in patients with chronic illnesses suggest that there are varying degrees of serologic response to vaccination. Few studies about the influenza vaccine were conducted in IBD patients and they have shown some conflicting results. In particular, two studies were conducted in pediatric IBD populations. One study 16 demonstrated that children with IBD and particularly those receiving both infliximab and immunomodulators had a lower response to some influenza strains in the vaccine compared to HC. At variance, Lu et al. 17 in a study on 146 children and young adults with IBD found that influenza vaccination produced a high prevalence of seroprotection in these subjects, particularly against A strains. No differences were detected among non-immunosuppressed and immunosuppressed patients. A few studies conducted in adult IBD patients found that the immune response to vaccinations in IBD patients may depend on the type of immunosuppressive therapy they receive, in particular anti TNF-α therapy. [18] [19] [20] Two of these studies 18, 19 evaluated the response to H1N1 vaccination in IBD patients.
In recent years the issue of a higher efficacy of a combination of immunosuppressors and anti TNF-α, both in CD 21 and in UC 22 has been greatly debated; furthermore the potential higher efficacy needs to be balanced with the possible higher risks of opportunistic infections and lymphoproliferative diseases. The possible effect of combination therapy in IBD also on vaccine response needs to be better investigated.
The aims of our study were first to evaluate the immune response to the pH1N1 vaccine in patients with IBD treated with anti-TNF-α alone or combined with immunosuppressive therapy, and to compare them with healthy control subjects; then to analyze the safety of influenza A/H1N1 vaccine in IBD patients and lastly to determine the effects of pH1N1 vaccine on IBD clinical activity.
Methods

Subjects
This prospective observational study was conducted at the outpatients IBD clinic of the Catholic University Sacro Cuore in Rome, Italy, from November 2009 to January 2010. The protocol was approved by our hospital's ethics committee, and written informed consent was obtained from all participants before enrollment. We enrolled 62 consecutive IBD patients on maintenance treatment at our IBD outpatient clinic with anti TNF-α agents (Infliximab, Adalimumab, Certolizumab pegol) for at least 4 months (median 16, range 4-78). Mean age of patients was 40 years (range 18-75), while mean age of HC was 28 (range 26-55). 26 patients were affected by Ulcerative Colitis (UC) and 36 by Crohn's disease (CD). Patients were divided into two subgroups: those on anti TNF-α monotherapy (N = 47) and those on anti TNF-α combined with immunosuppressants (IS) or corticosteroids (N = 15). Combined therapy was as follows: azathioprine/6MP (2-2,5 mg/kg) in ten patients, methotrexate (10-15 mg/ week) in four patients and methyl-prednisolone (20 mg/day) in one patient. All IS were at stable dose from at least 4 months, while patients on monotherapy were off IS therapy from at least 4 months. We also enrolled 31 healthy controls (HC) among hospital personnel, during the pandemic vaccine campaign, on a voluntary basis. All patients and controls lived in the same geographic area (central Italy).
Study protocol
At baseline (T0), a physical examination was performed on all patients, and blood specimens were obtained to measure clinical and laboratory parameters of IBD activity. We assayed erythrocyte sedimentation rate (ESR), C reactive protein (CRP), lymphocyte count and percentage and then we stored serum samples at −80°C for later assay of IgG antibodies to A/California/7/2009 (H1N1) by hemagglutination inhibition (HAI). Disease location and behavior were described according to the Montreal classification, 23 and data were collected from patients' charts and interviews, relative to the duration of disease and to the duration of anti TNF-α therapy. We evaluated the disease activity in patients with ulcerative colitis (UC) by partial Mayo score (pMayo), 24 while in patients with Crohn's disease by Harvey Bradshaw index (HBI). 25 All the patients and controls were vaccinated with the MF59-adjuvanted vaccine A/California/7/2009 (H1N1), Focetria®, Novartis, the only p2009 influenza vaccine available in Italy. Each 0.5 ml dose of vaccine has the following composition: hemagglutinin (HA) and neuraminidase (NA) antigens from the influenza virus strain recommended by WHO/EU for the pandemic ≥ 7.5 μg HA (propagated in eggs) -employed strain NYMC X-181; adjuvant MF59C.1 composed of: squalene 9.75 mg, polysorbate 80 1.175 mg, sorbitan trioleate 1.175 mg; other ingredients: sodium chloride, potassium chloride, potassium dihydrogen phosphate, disodium phosphate dehydrate, magnesium chloride hexahydrate, calcium chloride dehydrate, Thiomersal (included only in multi-dose vials), sodium citrate, citric acid, and water for injections. 26 The subjects were contacted by phone at 72 h after immunization to document the occurrence of adverse events.
At T1, 4-6 weeks after the vaccination, a physical examination was performed on all patients, HBI or pMayo was calculated, as appropriate, and blood specimens were obtained to measure ESR, CRP, lymphocyte count and percentage and to obtain serum samples to store at −80°C for later assay by HAI. Data were recorded also concerning the occurrence of previous flu vaccination in the last 3 years (2006, 2007, 2008) , and the concomitant 2009 seasonal flu vaccination.
Blood samples were obtained at T0 and T1 also from HC and stored in the same conditions.
Outcomes
The primary outcome of the study was the immune response to H1N1 vaccine in HC and patients with IBD as measured by pre immunization and post immunization hemagglutination inhibition (HAI) titer. The secondary outcome was the safety of the H1N1 vaccine. The tertiary outcome was the effect of H1N1 vaccine on IBD clinical activity.
Hemagglutination inhibition (HAI) assay
HAI was performed simultaneously on all study samples according to previously described method. 27 Briefly, the sera were pretreated with receptor destroying enzyme (RDE II, Seiken Co Ltd) for 20 h at 37°C then heated at 56°C for 60 min, 25 μl of serial dilutions of sera was incubated with 4 HA units of whole vaccine for 1 h at RT and 50 μl of 1.25% suspension of human RBC type O was added and after 2 h at RT titers were determined. HAI results were reported as follows: seroprotection rate (% subjects with T1 titer ≥ 1:40), seroconvertion rate (% subjects having ≥ 4 fold increase in titer), Geometric mean titer (GMT) = antilog (∑ log reciprocal HAI titer) / number of subjects and the Factor increase of GMT between T1 and T0, as described. 28 We considered as the cut off level for each measure of immunogenicity those indicated for adults by the European Committee for Proprietary Medicinal Products (CPMP) for the assessment of influenza vaccines, i.e. 70% seroprotection, 40% seroconversion and N 2.5 factor increase of GMT. 29 In particular, for a virus with the potential to cause pandemics, all three criteria should be fulfilled. 30 
Statistical analysis
We calculated the sample size based on the study of Mamula et al., 16 who detected for H1N1 vaccine a difference in response ranging from 34 to 12% between IBD patients on anti TNF-α and/or IS therapy and HC. With α value of 0.05 and a power of 80% the minimal required sample to detect a difference of 25% was 29. We enrolled a higher number of patients to allow subgroup comparison. Data analysis was undertaken with the use of MedCalc® software, version 9.2.1.0. We used a two-side Fisher's exact test to compare proportions between vaccine groups. All p values reported are two-sided, with no adjustment for multiple testing; values of 0.05 or less were considered to indicate statistical significance. For immunogenicity analyses, the geometric mean antibody titers at each time point were used. Geometric mean titers and 95% confidence intervals were computed by taking the exponent (log 10 ) of the mean and of the lower and upper limits of the 95% confidence intervals of the log 10 transformed titers. Normality was checked by D'Agostino-Pearson test. The group comparisons were performed by Mann Whitney test, Wilcoxon test and t test for paired and unpaired samples (two-tailed) and statistical correlations were tested by Spearman's rho and regression analysis, as appropriate.
Results
The demographic and clinical characteristics of IBD patients are shown in Tables 1, 2 and 3. The HAI response of patients and controls to the A/H1N1 influenza vaccination is shown in Table 4 . Pre-vaccination HAI titer ≥ 1:40 was comparable between IBD patients and controls (54% vs 64%, p = not significant by χ 2 test). IBD patients on anti TNF-α therapy showed rates of seroprotection at T1 comparable to those of HC. The seroconversion rate (≥4 fold increase in titer at T1) was lower than HC in the whole population of patients (p = 0.009) and in the group on anti TNF-α therapy, either alone (p = 0.034) or combined with IS (p = 0.011). The GMT at T1 was significantly lower in patients on anti TNF-α combined with IS compared both with HC and with patients on monotherapy (p = 0.011 and p = 0.017, respectively). The reverse cumulative distribution curves of HAI titers at T1 are shown in Fig. 1 , showing the markedly reduced titers of patients on anti TNF-α combined with IS. The factor increase of GMT at T1 was significantly lower in the IBD patients on anti TNF-α therapy versus the HC (p = 0.042), and was lower in the group of patients on combined therapy versus those on anti TNF-α monotherapy (p = 0.0048) and versus the HC (p = 0.0015). In the patients on combined therapy the seroconversion rate and the factor increase of GMT did not reach the EMEA requirements 30 for vaccine immunogenicity in a pandemic setting, but those on TNF-α monotherapy did (Table 4) .
No correlation was found between seroconversion rate, GMT and factor increase with age, gender, duration of disease and treatment, with the type of anti TNF-α, disease activity, Montreal classification, and flu vaccination in the last 3 years. The GMT at T1 of the IBD patients was significantly correlated with previous or concomitant vaccination for 2009 seasonal influenza (p = 0.036) and with GMT at T0 (p = 0.027). Multiple regression analysis of GMT at T1 revealed the following independent variables: combined therapy (p = 0.036) and the previous vaccination for 2009 seasonal influenza (p = 0.017). After exclusion of the subjects vaccinated for seasonal flu the GMT at T1 was 94 for patients on anti TNF-α monotherapy and 53 for those on combined therapy (p = 0.054) and the factor increase was 4.5 vs. 1.9, respectively (p = 0.0068).
As far as the safety was concerned, none of the studied patients complained of injection site symptoms after the vaccination; 2 patients presented headache, one of them on combined therapy, 2 patients presented malaise and 1 patient presented shivering. None of them reported a flare of the IBD at the T1 visit. No difference was found among the mean HBI and p Mayo scores at T1 versus T0 (Table 5 ).
Discussion
Our study has shown that our population of IBD patients on anti TNF-α therapy has reached the minimum seroprotective titer of 1:40 at HAI in proportions comparable to HC during the pandemic 2009 A/H1N1 vaccine campaign. However when the response is analyzed in a quantitative way significant differences are detectable: the percentage of patients achieving seroconversion is lower than HC and, furthermore, seroconversion rate is lower than HC in the patients on anti TNF-α therapy combined with immunosuppressors. In these patients on combined therapy, in particular, the GMT after the vaccination is significantly lower than in patients on anti TNF-α monotherapy. A limitation of our study is the limited number of enrolled patients and the lack of an IBD control group without IS.
In general, vaccine studies in IBD are very difficult to compare. Authors have collected patients affected by different IBD pathologies, at different stages of clinical activity. The effect of age, which is well known to affect immune response to vaccination, 27 has not been always taken in account. Also the effect of immunosuppressive treatments is often difficult to interpret: some studies compared anti TNF-α to other IS or to combined IS therapy, or to non IS drugs, like mesalamine. Furthermore, not all studies have included HC and they have not employed the same measures of the immune response to influenza vaccines. A diversity in immunization status before vaccination could happen in different years and in distinct populations and different vaccination schedules were employed in some studies.
The first studies on influenza vaccine in IBD were conducted in pediatric populations vaccinated with trivalent inactivated vaccine (TIV). In these studies 16 it was shown that children with IBD had a lower seroconversion rate compared to HC and that patients receiving both infliximab and immunomolulators were seroconverting less than HC. Another study on pediatric IBD patients receiving 2 doses of TIV, one month apart, 17 showed a high prevalence of seroconversion in IBD patients regardless of treatment. The very few studies conducted in adult IBD patients confirmed that the immune response to vaccinations in IBD patients may depend on the type of immunosuppressive therapy they receive, together with anti TNF-α therapy. Gelinck 19 studied 112 autoimmune patients treated with TNF-α inhibitors and showed that the percentage of subjects who had a seroprotective titer was Anti TNF monotherapy  27  20  47  Infliximab  14  19  33  Adalimumab  12  1  13  Certolizumab pegol  1  0  1  Anti TNF and IS  9  6  15  Infliximab  4  4  8  Adalimumab  5  2  7 high, but post-vaccination titers were significantly lower in subjects treated with TNF-α inhibitors as compared to HC. The A/H1N1 pandemic vaccine campaign represented a good chance to explore the response to a monovalent vaccine for a "relatively" new virus. Two recent studies were conducted during the 2009 pandemic vaccine campaign. Molnar et al. 20 studied 24 adult IBD patients (15 on IS, 7 on biologicals and 2 on combined therapy) by a different method (microneutralization assay). The authors showed seroprotective titers in every patient independently from the type of medication. The study, although limited by small number and lack of pre-vaccination measures, indicated, similarly to our study, that vaccination is able to induce seroprotection in the majority of IBD patients. At variance, a recently published study 18 described the results of a prospective study on 105 adult IBD patients who received a single dose of non adjuvanted A/H1N1 2009 pandemic vaccine. 28 patients were non immunosuppressed and 77 immunosuppressed. This study has shown a low rate of seroprotection, particularly among patients on IS. However, no HC were included and the overall proportion of seroprotection was 50%, with no differences among immunosuppressed and non immunosuppressed patients. In this population, at variance with ours, the pre-vaccination seroprotection rate was low.
The immune response to vaccines in IBD can be discussed in the frame of vaccine response in other immune mediated inflammatory diseases (IMID). 31 Several studies have shown that adult patients with rheumatoid arthritis (RA), treated with anti-TNFα, have similar antibody titer levels to influenza vaccine compared to controls. 32, 33 Other studies in patients treated with IS or anti TNF-α have indicated some reduction in the response, however a protective immune response after influenza vaccination was achieved in the majority of patients. [34] [35] [36] The only randomized controlled trial (RCT) available in this field 37 was conducted in RA patients who were treated with adalimumab or placebo and underwent influenza and pneumococcal vaccination, showing no effect of biological therapy on vaccination.
The safety of vaccines has been a concern both for IBD patients and their treating physicians, and this may be one of the reasons for the poor compliance to influenza vaccination that has been reported in these patients. 38 The possibility that immune mediated diseases could flare after a vaccination cannot theoretically be excluded and, indeed, a case report 39 However a recent observational study 40 was conducted on 575 IBD patients during the pandemic vaccine campaign, to evaluate the safety of both adjuvanted and not adjuvanted vaccines, containing different virus antigen doses. The authors observed at four weeks after the vaccination no reactivation of the disease in the large majority of patients (96.7% CD and 95.6% UC), and they found that the increase of disease activity was not related to the type of vaccine. Our study confirmed those findings and also showed the lack of change of laboratory indices of inflammatory activity such as CRP and ESR, as well as of lymphocyte count and percentages. Our study has shown a suboptimal response to A/H1N1 2009 vaccine in IBD patients on combined therapy with anti TNF-α and IS, although the seroprotective 1:40 titer was reached by the majority of patients. Similar results to ours where there was a normal response among non immunosuppressed IBD patients and an impaired response in IBD patients on combined immunosuppression were also described for pneumococcal polysaccharide vaccination. 41 The real meaning of these findings in terms of reduced protection from infection is unknown, however, considering the EMEA requirements for influenza vaccine in a pandemic setting, the response of IBD patients on combined therapy can be considered at risk to be insufficient. So our results clearly indicate quantitatively reduced response to influenza vaccine in IBD patients on combined immunosuppression. Different strategies to further overcome this reduced response can be explored. In at-risk groups, post-vaccination testing could be proposed. A double injection schedule with a recall one month after the first injection could also be used. Given our results the use of adjuvanted vaccine in IBD patients could be explored. The efficacy and safety of these vaccine strategies in IBD patients on immunosuppressive therapy need to be ascertained by appropriately designed double blind randomized controlled studies, addressing different patient categories and including control groups.
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